Three cases of SCt't'rt' bronchospasm occurring ill knowll asthmatics follQ[cill{; the admillistration of enflurancc are described. Other commonly known causes of bronchospasm did not seem to be operative. J10derate(v high concentrations of halothane in the respired gases protected against the bronchospasm whereas a moderately high blood concentration did not. Although the authors have administered enflurane to other known asthmatics u;ithout producillf!, bronchospasm, they feel it should be lIsed with caution in such patients.
IXTRO()UCTIOK
Enflurane, a fluorinated methyl ethyl ether, is a relatively recently introduced volatile anaesthetic agent. It has been gaining increasing acceptance overseas and now in Australia because of its rapid pleasant onset and emergence. These features are related to its lower fat gas partition coefficient as compared to other commonly used volatile agents (Lebowitz, Blitt and Dillon 1970) .
"Ye report three cases of bronchospasm associated with enflurane administration. All three patients had a history of bronchial asthma.
CASE REPORTS

Case I :
A 43-year-old, 49 kg, housewife, was admitted with a provisional diagnosis of carcinoma of the lung following routine chest radiology. She had suffered from asthma for twenty years. She was not allergic to any drugs, but ~aid that fresh paint and varnish fumes would precipitate attacks. In the past, asthma had required hospitalization and treatment with aminophylline, sodium cromoglycate and steroids, but in the three years prior to this admission she had been relativelv free and her only medication was salbutamol a~rosol. ~ * :'I!. B., B.S ... .\naesthl'tic l{egistrar.
t :'11.13 ., 13.S., F.F .. \.IL\.l'.S., Statt Specialist .\nal'sthdist.
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Anaesthesia for bronchoscopy and mediastinoscopy was uneventful. Thiopentone, alcuronium, nitrous oxide, oxygen, halothane and an endotracheal tube were used.
One week later she underwent lobectomy. Anaesthesia was induced with nitrous oxide, oxygen and enflurane. Thiopentone was not used. Shortly after induction, hyper-inflation of the chest, reduction in tidal volume and wheezing were noted. Rhonchi were heard on auscultation. With increasing concentrations of enflurane, these signs became more obvious and tracheal tug and intercostal recession appeared. Intravenous hydrocortisone was given, enflurane ceased, and halothane inhalation commenced. The patient was paralysed with pancuronium, intubated with a single lumen endotracheal tube and ventilated with nitrous oxide, oxygen and halothane. \Yhen the chest was opened it was noted that the lung was hyperinflated and would not readily deflate but this gradually improved as the bronchospasm regressed. The remainder of the anaesthesia and surgery was unremarkable and the patient made a good recovery post-operatively. Chest X-ray was normal apart from changes produced by the thoracotomy andlohectomy.
(ase 2 :
.\ ,*7 -year-old, 7;-\ kg farmer, presented with a !; cm fungating squamous cell carcinoma of his left ear and mastoid which had been initialh· treated with radiotherapy. Excision, superficial parotidectomy, block dissection of the neck and skin grafting were planned.
On examination in the pre-anaesthetic clinic he gave a history of previous good health, except for occasional episodes of mild asthma since childhood, precipitated by dusts and kapok. His most recent attack was three months previously. At the time of the examination he regarded himself as asthma free. His asthma attacks responded to salbutamol inhaler, one container of which would last him for a year. He was taking no other drugs, and had never previously been hospitalized or received general anaesthesia.
Since physical examination and all special tests were normal, we planned to include the patient in a study of enflurane metabolism and intended to expose him to 0 '8% enflurane for a period of four hours.
Two days later the patient was admitted to hospital and re-examined. His chest was clear. Premedication consisted of oral nitrazepam, 10 mg that night and intramuscular papaveretum 20 mg and scopolamine 0·4 mg at 6.30 a.m. on the day of operation. At 8.00 a.m. anaesthesia was induced with thiopentone 300 mg, pancuronium 8 mg and he was ventilated with nitrous oxide and oxygen, 5 litres and 2 litres, via a circle absorber system and mask. At 8.05 a.m. a further 100 mg thiopentone was given and the patient was intubated with a 9·5 mm reinforced flexo-nylon endotracheal tube.
At 8.10 a.m. automatic pulmonary ventilation was commenced using a Bennett PR2 respirator driving a Vent-viva (bag in bottle). The rate was set at 12 breaths per minute. A driving pressure of 20 cm H 2 0 yielded an apparent tidal volume of 850 ml.
Following insertion of intravenous and intraarterial cannulae 0 ,8% enflurane was commenced at 8.20 a.m. Five minutes later airways obstruction was suspected when the tidal volume was noted to be 100 m!. Manual ventilation with enflurane 0·8% in oxygen was undertaken but marked resistance to inflation was apparent and expiration greatly prolonged. The cuff of the endotracheal tube was deflated, but there was no improvement so the tube was removed. Ventilation with a mask was impossible. A new 10 mm flexo-nylon tube was inserted. After reconnecting the patient to the ventilator and setting the fresh gas flow at 2 litres oxygen per minute with 0 '8% enflurane and re-setting the inspiratory pressure to 50 cm H 2 0, the tidal volume was only 150 m!. Auscultation of the chest revealed scattered fine, high pitched rhonchi and the thorax was obviously hyperinflated.
At 8.30 a.m. aminophylline 250 mg and dexamethasone phosphate 24 mg were given intravenously. By 8.40 a.m. the mechanically generated tidal volume had risen to 300 ml with a pressure of 50 cm H 2 0. An erect chest X-ray excluded pneumothorax. Because, the patient appeared to be wakening, the enflurane concentration was increased to 2%. Immediately the airways resistance appeared to increase and tidal volume fell to 100 ml, so that at 8.50 a.m., it was decided to terminate the enflurane exposure and substitute halothane 1'0% in oxygen.
On this regime the tidal volume rose to 400 ml at 9.00 a.m. and 900 ml at 9.05 a.m. By 9.15 a.m. it had been possible to reduce the ventilator pressure to 20 cm H 2 0, which produced an apparent tidal volume of 600 ml at a rate of 12 breaths per minute with a fresh gas flow of 2 litres per minute. Nitrous oxide was then re-introduced but halothane was left at 1'0% for one hour to eliminate the possibility of light anaesthesia being an aetiological factor in the bronchospasm.
At 10.30 a.m. the patient was receiving nitrous oxide 4 litres per minute, oxygen 2 litres per minute and halothane 1'0% with a "respirator tidal volume" of 850 ml with a driving pressure of 20 cm H 2 0. A further 50 mg thiopentone was administered as a test dose and 15 minutes later a further 4 mg pancuronium was given. There was no change in the observed tidal volume.
At 11.00 a.m. halothane was ceased and enflurane 1'0% was commenced. Within 30 seconds bronchospasm was evident, and within 90 seconds it was severe. The tidal volume fell to 300 ml. A blood sample, taken concurrently, showed an arterial blood halothane concentration of 15 mg per cent. Enflurane was ceased and hand ventilation with halothane and oxygen was resumed, but it was not until 11.30 a.m. that the previous tidal volume of 850 ml was achieved with the same ventilator settings.
Ninety minutes later, at 1.00 p.m., enflurane 0'4% was administered while continuing halothane 0·5 %. After five minutes the" respirator tidal volume" had fallen to 600 m!. At 1.10 p.m. enflurane was increased to 0·8 %, but the tidal volume remained at 600 ml. At 1.20 p.m. enflurane was ceased and manual ventilation with high pressures gradually restored the tidal volume to 900 ml when automatic ventilation was recommenced at 20 cm H 2 0 driving pressure. c. J. LOWRY AND B. P. FIELDEN At 1.30 p.m. halothane was ceased and enflurane o· 8 % introduced again. vVithin two minutes the tidal volume had fallen from 900 to :WO ml and rhonchi were again noted. Enflurane was ceased altogether and halothane o· [) % recommenced.
The enflurane vaporizer and connecting rubber hose were removed from the anaesthetic machine and sent for analysis by gas chromatography. ~o unexpected peaks occurred in the read-out. Thus the presence of an impurity was unlikely. Gas chromatography also confirmed that the vaporizer was accurately calibrated.
Bronchospasm improved over the next twentyfive minutes and tidal volume was normal by 2.00 p.m. Surgery was completed at 2.30 p.n~. .\Iuscle paralysis was reversed with neostigmine 2·5 mg and atropine 1 ·25 mg and with the same gas flows and respirator settings there was no change in tidal volume. Nitrous oxide and halothane were ceased at 2.40 p.m. At 2.55 p.m. spontaneous respiration was adequate and the patient was extubated. There was no further evidence of bronchospasm and the patient's subsequent recovery was uneventful. Postoperative chest X-rays were normal.
Case 3 :
A 57-year-old, ;)6 kg widowed pensioner, was admitted for biopsy of a breast lump. She had a history of hypertension for which she was taking chlorothiazide and chlonidine. She had also suffered from bronchial asthma for most of her life and was currentl" controlled bv isoprenaline aerosol three ~times a day" She considered herself to be in remission on the clay prior to surgery and her chest was clear on auscultation.
Following induction with thiopentone and pancuronium at -i.30 p.m. on the day of operation there was some slight bronchospasm but this quickly cleared after intubation and intermittent positive pressure respiration with ()·.5 o~ halothane in -i litres nitrous oxide and 2 litres of oxygen. After -i5 minutes of stable anaesthesia it was decided to challenge the patient with cnflurane. At this time her chest was clear and she was receiving an apparent tidal volume of 800 ml at a pressure of 20 cm of water. The halothane was ceased and 0·8 % enfiurane commenced. There was immediate bronchospasm and within two minutes the tidal \'olume had dropped to 200 m!. Enfiurane was ceased and halothane recommenced. Bronchospasm persisted for some time. so aminophdline 2tj() mg and dexamethasone phosphate 2-i mg were given intravenously. She responded slowly, but a further 1 t hours elapsed before controlled ventilation could be safely ceased. Subsequent chest X-ray was normal. "
The next day, this patient required anaesthesia for evacuation of a wound haematoma. The same anaesthetic technique was used, except that enfiurane was omitted. There was no evidence of significant bronchospasm.
DISCL'SSION
A.1though not common, bronchospasm during general anaesthesia has been well documented. It has most frequently been described following endotracheal intubation (Shnider and Papper 1961) or surgical stimulation in lightly anaesthetized patients (Edwards et al. 1956 , Harrison 1966 and the relationship with inhalation of gastric contents or foreign material is \vell known. It has also been associated with intravenous agents known to release histamine (Fisher 1975) . Bronchospasm is not usually associated with volatile anaesthetic agents alone (Aviado 1975) . Ether and halothane are said to cause bronchodilation and both have been used in the treatment of status asthmaticus (Shnider and Pap per 1961) .
In these three cases of bronchospasm apparently due to enflurane all had a history of bronchial asthma of varying severity but all considered themselves to be in remission prior to anaesthesia.
The first case was not studied with the same detail as the other two cases because the association of bronchospasm with enfiurane administration was not realized at that time.
The second case reported involved se\'en hours total anaesthesia time. A definite relationship between enflurane exposure and bronchospasm was able to be demonstrated by repeated challenges. Second doses of all other agents used had no such effect.
Following the demonstration of this relationship, Case 3, a known asthmatic, was deliberately challenged with enfiurane following 43 minutes of stable anaesthesia. :Marked bronchospasm de\'eloped immediately. Further surgen" :2-i hours later was required and the anaesthetic technique used was identical except that enfiurane was not added and bronchospasm did 110t occur.
Several other patients with a history of asthma have also been similarly challenged with no evidence of bronchospasm .
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In Case 1 hyper-inflation of the chest and the presence of high pitched scattered rhonchi on auscultation were taken as evidence of bronchospasm. In Cases 2 and 3 the same findings, plus a reduction in the apparent tidal volume yielded by the same ventilator pressure settings, were interpreted as indicating the presence of bronchospasm. Changes in airway resistance or pulmonary compliance were not measured but the apparent tidal volume gave a crude measurement of the degree of change in lung mechanics.
The vaporizer employed for Cases 2 and 3 was checked following Case 2. Analysis by gas chromatography did not reveal any unexpected peaks in the read-out which would have suggested the presence of an impurity. Furthermore it was found to be correctly calibrated so the patients were not SUbjected to unexpectedly high or low concentrations of enflurane. The anaesthetic machines and vaporizers used in' these cases were also used with many other patients without untoward effect.
Light anaesthesia might have been an aetological factor in Case 1. However, bronchospasm was evident prior to intubation and increased as enflurane concentration was increased. Anaesthesia was made deliberately deep for a considerable time before repeat exposures to enflurane in the other two cases. Bronchospasm was not related to the time of intubation.
Inhalation of gastric contents was not observed in any of these patients and the postoperation course and chest X-rays did not suggest that it had occurred.
In these cases intravenously administered drugs were unlikely to have contributed to the bronchospasm. In Case 1 an earlier anaesthetic was uneventful as was a subsequent anaesthetic in Case 3. In Case 2 all intravenous drugs were repeated during seven hours anaesthesia and did not appear to cause bronchospasm.
The chronological relationship between the exhibition of enflurane and the development of bronchospasm was dramatic. In Cases 2 and 3 we demonstrated changes within thirty seconds of commencement of enflurane. Conventional therapy for bronchospasm was relatively ineffective while enflurane was continued. Cessation of enflurane and administration of halothane resulted in gradual yet complete resolution of the bronchospasm.
Enflurane has undergone quite extensive laboratory and clinical investigation since it was first tested in animals in 1963 (Dobkin et al. 1968 , Dobkin et al. 1969 , Lebowitz et al. 1970 , Egilmez and Dobkin 1972 , Abbott Laboratories 1974 . A search of the literature failed to reveal any evidence of enflurane engendered bronchospasm, airway obstruction or markedly decreased lung compliance. The review of 198 references by Abbott Laboratories (1974) states " the concentration of inspired Ethrane can be increased fairly rapidly during induction without causing breath holding, cough or swallowing reflexes, and bronchospasm or laryngospasm". Rugheimer, Himmler and Greimer (1974) , investigating fifteen patients with healthy lungs, reported increased airway resistance and decreased compliance with rising concentrations of enflurane. They commented that these changes are unlikely to be of clinical importance for persons without lung lesions but will have to be taken into account in patients with obstructive respiratory disorders. Barrett (1975) suggests that direct bronchodilators such as halothane and enflurane are suitable agents for use in asthmatic patients. Aviado (1975) states that most inhalational anaesthetics produce bronchial dilation. The ability to demonstrate a reduction in airway resistance is dependent on the presence of some pre-existing bronchomotor tone. Lack of bronchomotor tone renders the airways insensitive to bronchodilating drugs. Halothane influences a number of mechanisms controlling bronchomotor tone. Our observations in Case 2 suggests that halothane works as a bronchodilator when the pre-existing airway resistance is high. It would seem that an airway concentration of halothane between 0 ·5-1 % reduces the degree of bronchoconstriction induced by enflurane in a sensitive individual. In contrast a relatively high blood concentration of halothane (15 mg per cent was demonstrated) offered no apJ:arent protection. CONCLUSION We suggest that the usual causes of bronchospasm during general anaesthesia were not present in these cases and that an aetiological relationship between enflurane and bronchospasm was established.
Enflurane should be administered with caution in patients with bronchial asthma. If bronchospasm occurs, enflurane should be ceased, halothane commenced and if necessary conventional treatment of bronchospasm instituted. Halothane in the airways at an inspired concentration of 0 . 5-1 % protects against enflurane bronchospasm in a sensitive individual.
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